Introduction {#sec1-1}
============

Colon cancer is the third leading cause of cancer deaths worldwide \[[@ref1]\]. In an effort to prevent these deaths, current guidelines suggest every person undergo colon cancer screening starting at age 50; the gold standard for this is colonoscopy \[[@ref2]\]. In order to quantify the efficiency of colonoscopy as a screening tool, one must look at the adenoma detection rate (ADR). ADR is a metric representing the proportion of colonoscopies performed that result in the detection of one adenoma \[[@ref3]\]. With a high ADR, adenomas are identified and resected earlier, which in turn results in a lower incidence of colon cancer. Because of this, many strategies are being implemented to increase ADR and subsequently decrease cause-specific mortality from colon cancer.

A colonoscopy is divided into 2 phases. The first is the insertion phase, where the endoscopist navigates through peristaltic waves to reach the illeocecal junction. The second phase is the withdrawal phase, where colonic lesions are more easily identified and treated. ADR will vary from physician to physician, but one quality measure that is uniform in increasing ADR is a minimum 6-min withdrawal time \[[@ref4]\]. Our study aimed to expand on this quality measure. By incorporating visual cues onto the monitor where the colonoscopy is displayed, we intended to exploit Hawthorne and novelty effects to ensure each endoscopist indeed achieved a minimum 6-min withdrawal time, and subsequently improve ADR.

Patients and methods {#sec1-2}
====================

This was a retrospective single-center observational study. The study took place over the course of 2 years, specifically 2015 and 2017. The study was performed according to the guidelines indicated by the declaration of Helsinki and was approved by the Institutional Review Board (IRB) of St. Barnabas Hospital Health System.

Patient selection {#sec2-1}
-----------------

Data were collected from the electronic medical records of patients and tabulated in Microsoft Excel. The study included patients who underwent colonoscopy and were seen in our outpatient gastroenterology clinic. These patients were seen in 2015 and 2017, and underwent screening colonoscopy for colorectal cancer (CRC) by one of 4 gastroenterologists on our staff. Patients were excluded from our study if they had a poorly prepped colonoscopy, as documented by one of our gastroenterologists. Patients were also excluded if they underwent flex sigmoidoscopy rather than full colonoscopy. Similarly, patients who had missing information, namely documented withdrawal time, age, family history of colon cancer or smoking status, were also excluded from our study.

Evaluation of results {#sec2-2}
---------------------

Our study sought out to establish a correlation between a Hawthorne effect and an increased ADR. We aimed to establish this correlation by adding a visual cue to our endoscopy screens indicating withdrawal time ([Figs. 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}). We then compared the ADR between colonoscopies performed with the visual cue and those performed without.

![Control group colonoscopy camera display including (from left side, top to bottom): medical record number, date, time (for display purposes only)](AnnGastroenterol-33-374-g001){#F1}

![Study group colonoscopy camera display including (from left side, top to bottom): medical record number, date, time, withdrawal time (circled) (for display purposes only)](AnnGastroenterol-33-374-g002){#F2}

Endoscopic equipment {#sec2-3}
--------------------

All colonoscopies at our institution were performed using high definition Olympus PCF- Q180AL and PCF-PH190L colonoscopes (Olympus America, Center Valley, PA).

Group division {#sec2-4}
--------------

The control group consisted of patients who underwent colonoscopy in 2015 without the visual cue on the endoscopy screen indicating withdrawal time. The study group consisted of patients who underwent colonoscopy in 2017, when visual cues indicating withdrawal times were implemented at our institution.

Data collection {#sec2-5}
---------------

Baseline demographic data, including age, sex and ethnicity, were collected for all patients in the study. We collected data on the patients' body mass index (BMI), alcohol ingestion, tobacco usage and co-morbid conditions such as diabetes mellitus, hypertension, and hyperlipidemia. Additionally we analyzed cecal intubation rates and withdrawal time in minutes between both study and control groups. Finally, we calculated ADR and polyp detection rates (PDR) for both groups.

Statistical analysis {#sec2-6}
--------------------

Results were reported as means with standard deviations for most variables. For comparisons of continuous variables between the 2 study groups we used the *t*-test. Categorical variables for the 2 study groups were compared by chi-square analysis. A 2-tailed P-value of \<0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

In total there were 851 patients who met our inclusion criteria. Of these patients, 406 were included in our control group, and 445 were included in our study group. Baseline demographic characteristics for both cohorts are listed in [Table 1](#T1){ref-type="table"}. The mean age was 59.5 years for our control group and 58.7 years for our study group. There was no statistically significant difference in age between the 2 groups (P=0.1). Similarly, there was no statistically significant difference in BMI (29.53 vs. 29.57, P=0.9). In our control group 58.6% of patients were female, and 41.4% were male. Similar findings were seen in our study group, where 56.2% of patients were female and 43.8% were male. The majority of patients in both groups were Hispanic (61.6% in control group, 59.1% in study group), followed by African American (37.4% in control group, 39.1% in study group) and Caucasian (0.8% in control group, 0.5% in study group).

###### 

Baseline demographic characteristics

![](AnnGastroenterol-33-374-g003)

Comorbid conditions for our patients are listed in [Table 2](#T2){ref-type="table"}. We found that there was no statistically significant difference between our control group and study group in terms of patients with hypertension (53.4% vs. 54.2%, P=0.8), diabetes mellitus (28.5% vs. 30.3%, P=0.5), tobacco use (87.9% vs. 83.8%, P=0.1), or a family history of colon cancer (6.9% vs. 5.8%, P=0.5).

###### 

Comorbid conditions

![](AnnGastroenterol-33-374-g004)

Quality indicators for both cohorts are listed in [Table 3](#T3){ref-type="table"}. We found that there was a statistically significantly greater ADR in our study group when compared to our control group (25.3% vs. 19.4%, P=0.04). Additionally, we found that there was a statistically significantly greater PDR in our study group when compared with our control group (52.9% vs. 22.9%, P\<0.01). We found that there was no statistically significant difference between our control group and study group with regard to withdrawal time (7.19 vs. 7.21 min, P=0.8) or cecal intubation rates (96.8% vs. 98.2%, P=0.1).

###### 

Quality indicators

![](AnnGastroenterol-33-374-g005)

Discussion {#sec1-4}
==========

In our study we found that using a visual cue in the form of a withdrawal timer added to our displays resulted in a statistically significantly increased ADR in 2017, compared to the ADR with no withdrawal timer in 2015. Additionally, we found a statistically significantly increased PDR in the group with the withdrawal timer, compared to the group without the withdrawal timer. We did not find any statistically significant differences in actual withdrawal time or cecal intubation rates. We attribute these findings to a Hawthorne effect taking place in our study group.

The Western Electrical Company's Hawthorne Works first discovered the Hawthorne effect, sometimes referred to as a researcher effect or observer effect, in the 1920s. Australian born psychologist Elton Mayo, who sought to improve productivity at the electrical plant, first conceived the study. Through a series of experiments, Mayo and his team found that productivity increased in groups who believed they were being observed and individually evaluated for performance. This was initially used in the industrial domain to improve productivity, but quickly gained value in clinical research with the objective of improving clinical practice and care \[[@ref5]\]. As seen in our study, using a simple time cue with nurse monitoring, physicians performing colonoscopies found more polyps and adenomas than when they performed colonoscopies where cueing was not used. By exploiting the Hawthorne effect, we found that visual cueing during colonoscopy increases the effectiveness of screening/surveillance colonoscopy and may potentially contribute to decreasing rates of CRC and improving the overall quality of patient care.

In 2015 the American Society for Gastrointestinal Endoscopy (ASGE) and the American College of Gastroenterology (ACG) defined quality indicators for colonoscopy. These quality indicators are divided into pre-procedure, intra-procedure, and post-procedure phases. Considering the nature of our study, this discussion will center on the intra-procedure phase. Quality indicators for the intra-procedure phase include: intubation of the entire colon with detailed mucosal inspection, cecal intubation, and---more relevant to our study---a withdrawal time of 6 min \[[@ref6]\]. To further expand on quality indicators of the intra-procedure phase, one important measure to analyze is ADR. As mentioned previously, ADR is defined as the proportion of colonoscopies performed that result in the detection of one or more adenomas. As per the ASGE and ACG, every gastroenterologist should aim to have at least a 20% ADR in females and 30% in males during routine screening colonoscopy \[[@ref6]\]. In addition to decreasing the risk of CRC on initial screening colonoscopy, an increased ADR has also been linked to a decreased risk of interval CRC, defined as a CRC diagnosed within 60 months after a negative colonoscopy \[[@ref7]\]. One study by Corley *et al* found that ADR was inversely associated with the risks of interval CRC, advanced stage interval CRC, and fatal interval CRC \[[@ref8]\]. Withdrawal time also plays an integral role in ADR and decreasing the risk of CRC. In 2006, Barclay *et al* conducted a 15-month retrospective study that involved 7882 colonoscopies in a large community based, outpatient practice. They found that higher ADRs were seen in endoscopists who had longer mean withdrawal times \[[@ref4]\]. With our study findings we hope to implement universal visual cues as part of the quality indicators to decrease the incidence of CRC and interval CRC alike.

A study published by Nielsen *et al* mirrored our findings. In their study they performed a total of 307 colonoscopies and recorded PDR and withdrawal time under 3 different clinical scenarios. In the first scenario, the staff performing colonoscopies were unaware of the objective of the study. In the second scenario the staff were encouraged to aim for a minimum withdrawal time of 8 min. Finally, in the third scenario, they assessed retention of knowledge one year after the second scenario. They found that PDR almost doubled from the first to the second scenario, and that knowledge gained from the intervention was retained one year later in the third scenario \[[@ref9]\]. This further validates our findings and demonstrates the importance of non-conventional means to increase adherence to quality measures.

Other seldom-discussed metrics that merit consideration are PDR and cecal intubation rate (CIR). In our study we did not find a statistically significant difference between the control and study groups in CIR, but we did observe a statistically significantly greater PDR in our study group when compared to our control group. In clinical practice PDR is less regarded than ADR, but is still noteworthy. This, in part, is due to a proportion of polyps being diagnosed as hyperplastic polyps, which have no malignant potential compared to adenomas. Indeed studies have shown that over 95% of CRCs arise from benign adenomas \[[@ref10]\]. Despite this, PDR may play a role in predicting ADR. One meta-analysis that comprised 25 studies found that a ratio of 0.68 could be used to calculate ADR from PDR \[[@ref11]\]. Another study by Francis *et al* had similar findings. By examining the results from 3367 colonoscopies, they found that a ratio of 0.64 predicted ADR from PDR \[[@ref12]\]. Perhaps equally as important as predicting ADR is the detection of proximal serrated polyps. Although the majority of CRCs arise from benign adenomas via the adenoma--carcinoma sequence, a significant proportion may arise from serrated polyps. With the discovery of the serrated neoplastic pathway, through which serrated polyps progress to CRC, more emphasis has been placed on recognizing these lesions \[[@ref13]\]. Serrated polyps of the proximal colon in particular have been shown to be more prevalent in interval CRC \[[@ref14]\]. The importance of proximal PDR is underscored by a study conducted by Boroff *et al*, who found that PDR was more accurate in predicting ADR in the right colon compared to the sigmoid colon and rectum \[[@ref15]\].

A variable that may have contributed to the findings in our study is withdrawal technique rather than actual withdrawal time. Lee *et al* conducted a study that sought to establish a relationship between these 2 variables. In order to evaluate withdrawal technique they adapted a score from Rex *et al*. This scoring system accounted for fold examination, lumen distension and cleansing \[[@ref16]\]. When comparing high-ADR endoscopists with low-ADR endoscopists they found a statistically significant difference in technique scores, but no difference in withdrawal times \[[@ref17]\]. In our study, considering there was no statistically significant difference in withdrawal times between both groups, it is possible that the increased ADR was attributed to withdrawal technique.

Our study had a number of limitations. The first was its retrospective nature, which bears inherent weaknesses. Secondly, our data was extracted from a single center that had a predominantly minority population (Hispanics and African Americans), and hence could potentially not be applicable to predominantly Caucasian patient populations. Strengths of our study included completion of documentation regarding withdrawal time, cecal intubation, and evaluation of polyp histology by an expert pathologist. Further studies should be pursued to validate our findings.

In conclusion we found that adding a visual timer cue on the display monitors of colonoscopies resulted in increased PDR and more importantly, ADR. We propose the universal implementation of visual cueing on all monitors to ensure adherence to a minimum 6-min withdrawal time and encourage adequate withdrawal technique. By doing so, we hope to increase ADR and consequently decrease deaths from CRC.

###### Summary Box

**What is already known:**

• Colorectal cancer is the third leading cause of cancer deaths worldwide• Increased adenoma detection rate and a withdrawal time of a minimum 6 min are quality indicators for screening colonoscopy that have been associated with a decreased risk of colorectal cancer• Measures are being implemented to attempt to increase adenoma detection rate and consequently decrease the risk of development of colorectal cancer

**What the new findings are:**

• Implementing a visual cue indicating withdrawal time was associated with a statically significant increased adenoma detection rate and polyp detection rate• Universal implementation of a visual cue may reduce the risk of development of colorectal cancer
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